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Complete Genome Sequence of a Novel Porcine Circovirus Type 2b
Variant Present in Cases of Vaccine Failures in the United States
Chao-Ting Xiao, Patrick G. Halbur, and Tanja Opriessnig
Department of Veterinary Diagnostic and Production Animal Medicine, College of Veterinary Medicine, Iowa State University, Ames, Iowa, USA
Two genomes of a new porcine circovirus type 2 (PCV2) strain associated with cases of perceived failure of PCV2 vaccination
were sequenced and analyzed. Based on the genome, this is the first report of this mutant of PCV2b in the United States. The
genomic knowledge of this mutant PCV2b will improve understanding of the epidemiology of PCV and potentially inform the
development of new andmore effective vaccines for PCV2.
Porcine circovirus type 2 (PCV2), amember ofCircoviridae familygenus Circovirus, is a small nonenveloped circular virus which
was initially discovered in 1998 (6). PCV2 is highly prevalent in the
domestic pig population. PCV2 is associated with postweaningmul-
tisystemic wasting syndrome (PMWS), enteric disease, respiratory
disease, porcine dermatitis andnephropathy syndrome (PDNS), and
reproductive failure (6). PCV2 isolates are currently further subdi-
vided into three genotypes: PCV2a, PCV2b, and PCV2c (1, 3).
In this study, two PCV2 strains, US22625-33 and US22664-35,
were identified by PCR in cases of suspected vaccine failure in
PMWS-affected pigs in a production system located in the United
States in June 2012. The complete genome was further sequenced
using previously described primers (2). The full genomeof the two
PCV2s is comprised of 1,767 bp with 10 predicted open reading
frames (ORFs). The sizeofORF1 is 945bp, encodingaproteinof314
amino acids (aa), and the size of ORF2 is 705 bp, encoding a protein
of 234 aa, which is 1 aa longer than that of the common PCV2 (233
aa). Phylogenetic analysis with the nucleotide sequences of ORF2 of
the reference strains PCV2a (AF055392), PCV2b (AF055394),
PCV2c (EU148503) (1), and representativeU.S. PCV2a (DQ397521)
and PCV2b strains (GU799576 andHQ713495) suggested that these
newly identified strains are closely related to PCV2b. The predicted
amino acid sequence of ORF2 showed higher levels of identity to
PCV2b strains (93.6% to 94.9%) than to PCV2a (90.6% to 91%).
However, the predicted amino acid sequence of ORF1 of themutant
PCV2 strains showed higher levels of identity (99% to 99.4%) with
PCV2a thanwithPCV2b(98.7%), indicatingpossible recombination
during the origin of the strain US22625-33. Compared with classic
PCV2b, a TAA (stop codon) to AAG (Lys) at the 3= end of ORF2
results in one additional amino acid in ORF2.
Further sequence BLAST and comparison showed that both
U.S. PCV2 strains had a high level of identity (99.9%) with the
PCV2 strain BDH, which is sporadically found in China, reported
to belong to genotype PCV2d, and suggested to be of increased
virulence (4, 5). One silent mutation (1677A¡1677T) in ORF1
was found between BDH and the two U.S. mutant PCV2s. How-
ever, according to the new PCV2 genotype definition and nomen-
clature criteria (1, 7), all of these novelmutant PCV2 strains could
be classified into genotype PCV2b, based on the phylogenetic
analysis of the nucleotide sequence of ORF2 gene. Notably, in a
previous large field investigation conducted in the United States
during 2010 to 2011 in which 185 putative amino acid sequences
of the PCV2 ORF2 were obtained, aligned, and compared, the
novel mutant PCV2b sequence was not present (8).
The present study is the first to identify a newPCV2bmutant in
the United States, where it was discovered in cases of suspected
PCV2 vaccine failures in pigs with PMWS, indicating the possible
antigen drift of this newly identified PCV2b mutant.
Nucleotide sequence accession numbers. The complete ge-
nome sequences of PCV2 strains US22625-33 and US22664-35
have been deposited in GenBank under the accession numbers
JX535296 and JX535297.
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